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Bracken fern (Pteridium spp.) is an aggressive plant that commonly invades disturbed sites. 
Its success as an invader is attributable, in part, to its ability to produce abundant growth, 
both below ground in the form of rhizomes and fine roots and above ground as fronds and 
stems. This biomass production has been shown to affect numerous soil properties. In 
describing soils of the „Pumice Lands‟ (Pumice Soils or Vitrands mainly) in New Zealand, 
Molloy and Christie (1998) attributed black A horizons „to bracken fern, which replaced 
much of the forest‟. Analyses of humus and phytoliths in the A horizons of soils developed 
especially on Kaharoa and Taupo tephras in central North Island (buried beneath 1886 
Tarawera eruptives in the Rerewhakaaitu area) showed that type-A humic acids predominated 
and that fernland and grassland had replaced the pre-existing forests (Birrell et al., 1971; Sase 
et al., 1988; Hosono et al., 1991; Sase and Hosono, 1996). Pollen, phytolith and associated 
studies, together with tephrochronology, have shown that human-induced deforestation by 
burning began in New Zealand soon after Polynesian settlers arrived (e.g. McGlone, 1989; 
Clarkson et al., 1992; Kondo et al., 1994; McGlone et al., 1994; Newnham et al., 1998; 
McGlone and Wilmshurst, 1999; Watanabe and Sakagami, 1999; see also article on 
Polynesian settlement by Lowe, this volume). The repeated burning resulted in the formation 
of extensive fernlands (McGlone et al., 2005). 
 
In northern Idaho, USA, establishment of bracken is associated with the conversion of 
allophanic to non-allophanic Andisol mineralogy (Johnson-Maynard et al., 1997); these 
changes include increased soil carbon, darker soil colours, lower pH, and increased organic 
forms of active Al. 
 
Bracken biomass comparisons – New Zealand and northern Idaho, USA 
 
 Rhizome biomass Frond biomass 
Location Mean Range Mean Range 
 (kg m
-2
) (kg m
-2
) 
     
Nelson, New Zealand
1
 -- 7.08 (max.) 
 
-- 1.41 (max.) 
New Zealand (23 stands)
2
 2.92 
 
0.91-5.19 -- -- 
Idaho, USA (9 stands)
3
 1.96 1.14-2.54 0.52 0.27-0.89 
 
 
1
Bray (1991) 
2
Unpublished data of D. Whitehead, Landcare Research, Lincoln, NZ, cited by McGlone et al. (2005) 
3
Jimenez, J. 2005. Accumulation of belowground C in Andisols under bracken fern (Pteridium aquilinum). MS 
thesis. Univ. of Idaho, Moscow. 
 In Japan, a major part of soil organic carbon in Andisols and associated soils comprises 
humic acids, which are characterized by their stability and aromatic (humified) structure 
(Shoji et al., 1993; Hiradate et al., 2004). These features arise from the presence of labile and 
active metals, chiefly Al and Fe, supplied by the weathering of glass and other tephric 
materials, which are able to bind humic substances through strong coordination bonding to 
form macromolecules of Al- and Fe-humic acid complexes very resistant to degradation or 
leaching (Hiradate et al., 2004). The resultant very dark or commonly black A horizons, 
typically melanic epipedons in Soil Taxonomy (see table), can contain up to 15% organic 
carbon (Hiradate et al., 2004). The Japanese pampas grass or „susuki‟, Miscanthis sinensis, a 
C4 plant with large amounts of root residues, has been maintained artificially for millennia in 
ancient Japan to provide roofing material, straw bags, and fodder. Burning the grass in early 
spring before germination was common practice (buds of the pampas grass are several 
centimetres underground and so are not damaged) (Lowe, 2006). During burning, large 
amounts of very dark-coloured and charred microparticles were produced and these provided 
a second source of humic acids. The pampas grass has been regarded as a classic „andisolizer‟ 
or „melaniser‟ (Wada, 1986; Shoji et al., 1990, 1993; Hiradate et al., 2004).  
 
Main properties of melanic epipedon*  
________________________________________________________________________________________________________________ 
  Munsell colour values and chromas of  2 (dark) throughout 
  Melanic index  1.70 throughout 
   6% organic C as weighted average 
  Andic soil properties 
   30 cm thick 
__________________________________________________________________________________________ 
* After Soil Survey Staff (1999, p.23) 
 
The relative importance of these two mechanisms  (1) stabilization of humic acids by 
complexing reactions with Al and Fe, or (2) cultivation of M. sinensis and its charred 
derivatives as a major source of carbon in humic acids  was evaluated by Hiradate et al. 
(2004) using δ
13
C analyses of humic substances in a range of soils in Japan. Hiradate et al. 
(2004) were able to compare the contributions from C3- or C4-plant- derived carbon because 
M. sinensis was effectively the only C4 plant species in (traditional) Japan. They found that 
the contribution to humic and fulvic acids of carbon derived from M. sinensis ranged from   
18 % to 52 %. Their conclusions were that although highly-humified, i.e. dark-coloured, 
humic acids tended to be derived from C4-plant-derived carbon (ultimately M. sinensis), the 
dominant source of carbon for humic and fulvic acids in many cases was from C3 plants 
(mainly forest vegetation). Consequently, the overriding importance of active Al and Fe 
especially on the formation and accumulation of the dark-coloured humic acids in Kuroboku 
soils (Andisols) was reinforced (Hiradate et al., 2004). 
 
In New Zealand the „black‟ A horizons generally have melanic properties, but do not meet 
the thickness criterion for melanic epipedons, and hence are regarded as „melanic-like‟. As 
noted above, they formed under fernland and tusssock grassland and most contain A-type 
humic acids (± charcoal). Non-melanic topsoils are formed under forest (most have non A-
type humic acids, including Pg in P-type humic acids from deciduous trees) (see figures 
below). Differences between New Zealand and Japan thus relate largely to differences in 
human settlement history and impacts, with New Zealand having an exceptionally short 
prehistory of only c. 700 years (since c. 1250-1300 AD) in comparison with 10,000 years or 
more in Japan. 
 
References/bibliography 
Birrell, K.S., Pullar, W.A., Heine, J.C. 1971. Pedological, chemical, and physical properties of organic horizons 
of paleosols underlying the Tarawera Formation. New Zealand Journal of Science 14, 187-218. 
Bray, J.R. 1991. Growth, biomass, and productivity of a bracken (Pteridium esculentum) infested pasture in 
Marlborough Sounds, New Zealand. New Zealand Journal of Botany 29, 169-176. 
Green, B.E. 1987. Weathering of buried paleosols on late Quaternary rhyolitic tephras, Rotorua region, New 
Zealand. Unpublished MSc thesis, University of Waikato.  
Hiradate, S., Nakadai, T., Shindo, H., Yoneyama, T. 2004, Carbon source of humic substances in some Japanese 
volcanic ash soils determined by carbon stable isotopic ratio, δ
13
C, Geoderma vol. 119, pp. 133–141.  
Hodder, A.P.W., Green, B.E., Lowe, D.J. 1990. A two-stage model for the formation of clay minerals from 
tephra-derived volcanic glass. Clay Minerals 25, 313-327. 
Hosono, M., Oba, Y., Sase, T., Utsugawa, T., Aoki, K. 1991. Holocene volcanic ash soils at Waimangu Road 
tephra section, North Island, New Zealand – soil formation-vegetation relationship. The Quaternary 
Research (Japan) 30, 91-101. 
Johnson-Maynard, J.L., McDaniel, P.A., Ferguson, D.E., Falen, A.L.1997. Chemical and mineralogical 
conversion of Andisols following invasion by bracken fern. Soil Science Society of America Journal 61, 
549-555. 
Kondo, R., Childs, C., Atkinson, I. 1994. Opal Phytoliths of New Zealand. Mannaki Whenua Press, Lincon. 85p. 
Lowe, D.J. 2006. International symposium on volcanic-ash soils and field workshop in Mt Fuji area, Japan. New 
Zealand Soil News 54, 43-53. 
Lowe, D.J., Palmer, D.J. 2005. Andisols of New Zealand and Australia. Journal of Integrated Field Sci. 2, 39–65.  
McGlone, M.S. (1989). The Polynesian settlement of New Zealand in relation to environmental and biotic 
changes. New Zealand Journal of Ecology (Supplement) 12, 115-129. 
McGlone, M.S., Anderson, A.J., Holdaway, R.N. 1994. An ecological approach to the Polynesian settlement of 
New Zealand. In: Sutton, D.G. (editor) Origins of the First New Zealanders. Auckland University Press, 
Auckland, 136-163. 
McGlone, M., Wilmshurst, J.M., Leach, H. M. 2005. An ecological and historical review of bracken (Pteridium 
esculentum) in New Zealand, and its cultural significance. New Zealand Journal of Ecology 29, 165-184 
Molloy, L., Christie, Q. 1998. Soils in the New Zealand Landscape. 2
nd
 ed. NZ Society of Soil Science. 253p. 
Nanzyo, M. 2002. Unique properties of volcanic ash soils. Global Environmental Research 6, 99–112 
Newnham, R.M., Lowe, D.J., McGlone, M.S., Wilmshurst, J.M. & Higham, T.F.G. 1998. The Kaharoa Tephra 
as a critical datum for earliest human impact in northern New Zealand. Journal of Archaeological Science 
25, 533-544. 
Newnham, R.M., Lowe, D.J.Williams, P.W. 1999. Quaternary environmental change in New Zealand: a review. 
Progress in Physical Geography 23, 567-610. 
Sase, T., Hosono, M. 1996. Vegetation histories of Holocene volcanic ash soils in Japan and New Zealand – 
relationship between genesis of melanic volcanic ash soils and human impact. Earth Science (Chikyu 
Kagaku) 50, 466-482. 
Sase, T., Hosono, M., Utsugawa, T., Aoki, K. 1988. Opal phytolith analysis of present and buried volcanic ash 
soils at Te Ngae Road tephra section, Rotorua Basin, North Island, New Zealand. The Quaternary 
Research (Japan) 27, 153-163. 
Shoji, S., Kurebayashi, T., Yamada, I. 1990. Growth and chemical composition of Japanese pampas grass 
(Miscanthis sinensis) with special reference to the formation of dark-coloured Andisols in northeastern 
Japan, Soil Science and Plant Nutrition 36, 105–120.  
Shoji, S., Nanzyo, M., Dahlgren, R.A. 1993. Volcanic Ash Soils: Genesis, Properties and Utilization, 
Developments in Soil Science 21, Elsevier, Amsterdam, 288p.  
Simonson, R.W. 1979. Origin of the name „Ando Soils‟. Geoderma 22, 333–335.  
Wada, K. (editor) 1986. Ando Soils in Japan.  Kyushu University Press, Fukuoka. 
Watanabe, M., Sakagami, K. 1999. Recent pedological approach to reconstruction of the Quaternary 
environment in Japan and east Asia. The Quaternary Research (Japan) 38, 244-252. 
 
 
 
 
 
 
 
 
Summary from Birrell et al.  (1971) 
 
 
 
 
 
From Soil Science Society of America Journal (1997) 61, 549-555. 
 
 
 
  
 
 
 
Relationship between vegetation, tephra age (in 
14
C ka) and human impact (from Watanabe and 
Sakagami, 1999  after Sase and Hosono, 1996). Note dates for initial human impact vary in Japan. 
Initial settlement of New Zealand occurred between c. 1250-1300 AD, a few decades prior to the 
Kaharoa eruption. 
 
Comparison of humic acids from volcanic 
ash-derived soils in Japan and New Zealand 
(from Watanabe and Sakagami,1999) 
 
RF, relative colour intensity  
log K, colour coefficient  
 
Type A = grassland, fernland (melanic) 
Types B, Rp, P = forest 
 
 Melanic soil, Japan 
 Non-melanic soil, Japan 
 
 Melanic-like soil, New Zealand 
 Non-melanic soil, New Zealand 
  
 
Evidence of environmental change since c. 25,000 cal. years BP based on phytolith and clay 
mineral data from analysis of buried soil horizons on rhyolitic tephras at Te Ngae, near 
Rotorua (from Newnham et al., 1999  after  Green, 1987; Hodder et al., 1990; Sase et al., 
1988; Kondo et al., 1994) 
 
 
